Modulation of Na+-Ca2+ exchange and Ca2+ permeability in cardiac sarcolemmal vesicles by doxylstearic acids.
We examine the effects of 5-, 12- and 16-doxylstearic acids on the Na+-Ca2+ exchange and passive Ca2+ permeability of cardiac sarcolemmal vesicles. Stearic acid is a weak stimulator of Na+-Ca2+ exchange. A doxyl moiety potentiates stimulation with the order of increasing potency being 5-, 12- and then 16-doxylstearic acid. Stearic acid has little effect on vesicle Ca2+ permeability but again the doxylstearates are more effective. The sequence of potency is reversed, however, from that for increasing Na+-Ca2+ exchange. 5-Doxylstearic acid most markedly exchanges passive Ca2+ flux followed by the 12-, and then 16-doxylstearic acids. Methyl esters of the doxylstearates have no effect on either Na+-Ca2+ exchange or Ca2+ permeability. We model the results as follows. For a fatty acid to stimulate Na+-Ca2+ exchange activity, an anionic charge is required to interact with the exchanger protein at the membrane surface. Stimulation is potentiated by a perturbation (such as provided by a doxyl group) within the lipid bilayer. The perturbation is most effective at a location towards the center of the bilayer. To increase passive Ca2+ permeability an anionic charge is again essential. Disorder within the bilayer is also important, but now the most important site is near the membrane surface. Results of experiments with linolenic and gamma-linolenic acid and previous studies with other fatty acids also support this model.